Introduction
showed that Kir6.1/SUR2 KATP channels were expressed in BV-2 microglial cell line and involved in regulating the production of inflammatory factors [18] . Most recently, we reported that iptakalim, a novel drug with the properties of KATP channel opener, exhibited anti-neuroinflammatory effects [19] . Considering the differences between the property of BV-2 and MG, in the present study rat primary cultured MG were purified to investigate the subunit composition and function of KATP channels.
The aim of this study was to use the classic KATP channel opener pinacidil and selective mito-KATP channel opener diazoxide to investigate the regulatory effects of KATP channels on rotenoneinduced MG activation and neuroinflammation. 24- (n = 20) were subcutaneously injected with rotenone (2.5 [20] . 
Material and methods

Microglia-enriched cultures
Tissues from whole brains of postnatal (P1-P2) Sprague-Dawley (SD) rats were triturated and then cells were plated in Dulbecco's modified Eagle's medium (DMEM) containing 10% foetal calf serum, 100 U/ml penicillin and 100 µg/ml streptomycin. After reaching a confluent monolayer of glial cells (10-14 d), MG were separated from astrocytes by shaking off for 5 hrs at 100 rpm in an orbit shaker at 37°C. Enriched MG were collected by centrifugation and reseeded in
Animals and treatment
Male SD rats aged 7 weeks were chosen for experiments. Rats (220-240 g) were kept five to a cage under standard laboratory conditions with free access to standard laboratory food and tap water, constant room temperature of 22 ± 1°C, 50-60% humidity and a natural day-night cycle. All experiments were carried out according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals (publication No. 85-23, revised 1985) and the Guidelines for the Care and Use of Animals in Neuroscience Research by the Society for Neuroscience and approved by Institutional Animal Care and Use Committee of Nanjing Medical University(IACUC). Dimethylsulfoxide (DMSO)/polyethylene glycol (PEG) (1/1) was used as vehicle for rotenone (Sigma, USA). Diazoxide (Sigma, USA) was dissolved in 100% DMSO as vehicle and diluted with sterile saline to a concentration of 1 mg/ml (0.2% DMSO) for administration to rats. Rats were randomly divided into three groups. Control rats (n = 16) received vehicle only. Rats of model group
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hr and then treated with DMEM containing corresponding concentration of drugs for 3 hrs. The fluorescence was visualized immediately at wavelengths of 485 nm for excitation and 530 nm for emission by a Nikcon Optical TE2000-S inverted fluorescence microscope. And the total green fluorescence intensities of every well were quantitated using image-analysis software (Simple PCI).
Measurement of microglial mitochondrial membrane potential (⌬⌿ m )
Microglial ⌬m was assessed with the fluorescent probe JC-1 (Molecular Probes, USA). At 490 nm, cells with depolarized mitochondria contained JC-1 predominantly in monomeric form and fluoresced green. Cells with polarized mitochondria predominantly contained JC-1 in aggregate form, and mitochondria fluoresced red-orange. MG were incubated with 5 µM of JC-1 for 10 min at 37°C, washed, and placed on a thermostatted stage at 37°C. Fluorescent images were visualized by a Nikon Optical TE2000-S inverted fluorescence microscope with excitation at 490 nm and emission at >520 nm. MG with polarized mitochondria were seen with distinct mitochondria fluorescing red-orange, and, in MG with depolarized mitochondria, the cell cytoplasm and mitochondria appeared green. Acquired signal was analysed with image-analysis software (Simple PCI). A minimum of six fields were selected and average intensity for each region was quantified. The ratio of J-aggregate to JC-1 monomer intensity for each region was calculated. A decrease in this ratio was interpreted as loss of ⌬⌿m, whereas an increase in the ratio was interpreted as gain in ⌬⌿m.
Statistical analysis
Values are means ± S.E.M. The significance of the difference between control and samples treated with various drugs was determined by one-way
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Opening of mito-K ATP channels inhibits rotenone-induced microglial activation and production of TNF-␣, PGE2 and ROS
The effect of rotenone on the viability of MG was studied so as to determine its concentration used in following experiments. Notably, rotenone-induced microglial activation but failed to affect the microglial viability at 10 nM ( Fig. 2A) Fig. 2D . Similarly, pinacidil or diazoxide could also decrease the production of PGE2 from rotenone-treated MG, which was reversed by either glibenclamide or 5-HD (Fig. 2D) . In addition, levels of intracellular ROS, the neurotoxic factors, were determined after stimulation with rotenone (10 nM) for 3 hrs. As shown in Fig. 2E, treatment (Fig. 3A) .
Since p38 and JNK are the predominant signaling transduction pathways responsible for synthesis and production of pro-inflammatory factors (such as TNF-␣ and PGE2) from MG [22] [23] [24] [25] (Fig. 4B ). immunostaining of the rats pre-treated with diazoxide was similar to those seen in control rats. In SNpc of rotenone-treated rats, the cell body of most MG became larger, and the processes were poorly ramified, short and thick. The microglial appearance in SNpc of the rats pre-treated with diazoxide was similar to those observed in vehicle-treated rats, indicated by small cell body, ramified and thin processes (Fig. 5A) . In addition, there was no significant difference in the morphology and numbers of GFAP-positive cells among rats of different treatments (Fig. 5A and C) . (Fig. 6A) . Consistently, the results of RT-PCR showed that pre-treatment with diazoxide markedly down-regulated rotenone-induced elevation of TNF-␣ and COX-2 mRNA levels in rat substantia nigra and striatum (Fig. 6B) [6, 8, 26, 27] and aggravating glutamate neurotoxicity by inhibiting glutamate uptake in astrocytes [9, 10] 
Mito-KATP channel opener diazoxide ameliorates rotenone-induced rat behavioural symptoms
Control rats were treated with vehicle, and death did not occur. Rotenone-treated rats (2.5 mg/kg/day for 28 days, subcutaneously) underwent significant weight loss (data not shown) and mortality (40%) during the treatment. However, rats with diazoxide
Fig. 1 Primary cultured microglia expressed Kir6.1 and SUR2 subunits of KATP channels but not Kir6.2 and SUR1. (A) RT-PCR analysis of the Kir6.1 and SUR2 subunits in microglia. M, DNA marker; BT, whole brain tissue; MG, microglia. (B) Western blotting analysis of the Kir6.1 and SUR2 subunits in microglia. (C) Immunolocalization of Kir6.1 and SUR2 subunits in microglia was examined using antibodies for Kir6.1 (green), SUR2 (green), colocalized with the microglial marker OX-42 (red). Scale bar: 25 µm. (1.5 mg/kg/day, orally), which was pre-treated for 3 days and administered daily for 4 weeks with an injection of rotenone 1 hr later each time, had markedly increased weight and lower mortality (19%). Using the catalepsy test, rotenone-treated rats showed prolonged latency time compared to that in the vehicle-treated control group. The latency time of rats pre-treated with diazoxide decreased by 91% (Fig. 4A). In the rotarod test, vehicle-treated animals learned the task quickly and, after a short training period, were able to remain on the rod at different speed (5-20 r.p.m.). They stepped voluntarily from the hand of the experimenter onto the rotarod, except at very high-rotation speeds. Almost all control animals remained on the rod for 300 sec at 5-20 r.p.m. The timeon-the-rod of rotenone-treated rats was significantly reduced with an obvious gradual decrease in time-on-the-rod as rod speed increased. Rats pre-treated with diazoxide had a longer length of time-on-the-rod compared with the rotenone-treated rats
Mito-K ATP channel opener diazoxide alleviates rotenone-induced dopaminergic neuronal degeneration and inhibits microglial activation in rat substantia nigra
(C) KATP channel openers reduced fluorescence intensity of rotenone-induced ED1-positive microglia (red). (D) KATP channel openers inhibited rotenone-induced production of TNF-␣ and PGE2 from microglia. (E) KATP channel openers inhibited rotenone-induced production of intracellular reactive oxygen species (ROS) in microglia. Scale bar: 50 µm (B and C); 100 µm (E)
.
Anti-GFAP was employed for staining astrocytes (brown). OX-42 and ED1 immunostaining (brown) were carried out to study microglial activation. Scale bar: 100µm (black), 20 µm (white). (B) TH-positive cell
